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(54) Mobile telephone connection transfer 

(57) Method for transferring an active connection 
between a mobile telephone handset and a first mobile 
telephone system to a second mobile telephone system, 
which method includes the steps of: (a) detecting that 
signal strength of the active connection has fallen below 
a predetermined threshold; (b) sending a request to the 



first mobile telephone system to set up an alternative 
connection from the first mobile telephone system to the 
mobile telephone handset through the second mobile tel- 
ephone system; and (c) transferring the active connec- 
tion to the alternate connection. 
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Description 

Technical Held of the Invention 

The present invention relates to a method for trans- s 
ferring an active connection from one mobile telephone 
system to another mobile telephone system. 

Background of the Invention 

10 

During a telephone caJI between a mobile telephone 
handset and another telephone, the mobile telephone 
handset may cross from the domain of one wireless net- 
worktoan independent wireless network. In the absence 
of a connection transfer procedure, the telephone call wffl is 
be dropped and cornrnunication can re-established only 
by making a new telephone call. 

In the prior art handover of a telephone call from the 
domain of a first wireless network to a domain of a sec- 
ond wireless network is made if a control link is shared so 
between central processing units (for example, switches) 
of the two networks. Using the control link, the two wire- 
less networks are able to negotiate feasWity and oper- 
ations of handover, see, for example, EIA/TIA Interim 
Standard IS-41 .2-B, "Cellular F^otelecommuTvcations 2s 
Intersystem Operations: Intersystem Handoff." 

The above-described approach is disadvantageous 
in that it requires a control link between central process- 
ing units, i.e., switches, of the networks. Although 
switches supporting adjacent geographical areas may 30 
share such a control link, two switches supporting over- 
lapping areas are 13^ to downed by (xxrpetrtors and, 
as a result, will not share a control link In particular, pub- 
lic Personal Cornmunications Services ("PCS") and pri- 
vate wireless networks will not share such a control link; 35 
nor will competing Cellular service providers share such 
a control link. 

In light of the above, there is a need in the art for a 
method which provides continuation or connection trans- 
fer of an ongoing telephone call during a mobile tele- *o 
phone handset's transition from one wireless network to 
another, for example, connection transfer from a private 
wireless network (Wireless Private Branch Exchange 
("W-PBX")) to a public wireless network (Personal Conv 
munications Services ("PCS"), or vice versa. 45 

Summ ar y of t he Invention 

Advantageously, ernbodiments of the present inven- 
tion are method and apparatus which provide continua- so 
fon or connection transfer of an ongoing telephone call 
during the handset's transition from one wireless net- 
work to another, for example, connection transfer from a 
private wireless network (Wireless Private Branch 
Exchange ("W-PBX")) to the public wireless network ss 
(Personal Communications Services ("PCS"), or vice 
versa 

In particular, an embodiment of the present invention 
comprises a method for transferring an active connection 



between a mobile telephone handset and a first mobile 
telephone system to a second mobile telephone system, 
which method includes the steps of: (a) detecting that 
signal strength of the active connection has fallen below 
a predetermined threshold; (b) sending a request to the 
first mobile telephone system to set up an alternative 
connection from the first mobile telephone system to the 
mobile telephone handset through the second mobile tel- 
ephone system; and (c) transferring the active connec- 
tion to the alternate connection.. 

Brief Description of the Figure 

FIG. 1 shows, in pictorial form, a network and the 
manner of use of embodiments of the present inven- 
tion; 

FIG. 2 shows a block diagram of a portion of an 
embodiment of the present invention which resides 
in a mobile telephone handset; and 
FIG. 3 shows a bfock diagram of a portion of an 
embodiment of the present invention which resides 
in a wireless PBX. 

Detailed Description 

FIG. 1 shows a network and the manner of use of 
ernbodiments of the present invention. As shown in FIG. 
1, a caller-user using mobile telephone handset 100 is 
connected on a telephone call with a called party who 
uses telephone 300. The connection is made: (a) from 
mobile telephone handset 100 to antenna 110; (b) from 
antenna 110 to Wireless Private Branch Exchange 120 
("W-PBX 120") of a private wireless network 125 ("PWN 
1251; (c) from W-PBX 120 to telephone central office 
130 fCO 130"); and (d) from CO 130 to telephone 300 
over, for example, the public switched telephone net- 
work. 

As shown in FIG. 1, boundary 250 delineates the 
outer reach of antenna 110 of PWN 125 for providing 
good reception for telephone caDs made to mobile tele- 
phone handsets. Further, boundary 240 represents the 
beginning of an area where the reception and cortnec- 
trvity of calls made to mobile telephone handsets from 
antenna 110 will begin to suffer degradation. 

In accordance with the present invention, mobile tel- 
ephone handset 100 can be reached at two telephone 
numbers. For example, one telephone number is a 
olrect-inwarokiia) (" DID") telephone number of mobile 
teJerjrxx^hancteetlOOforusein PWN 125 (with respect 
to W-PBX 120 -for example and for sake of illustration, 
408-555-3164) and another telephone number is a PCS 
telephone number for use in public wireless network 275 
(Personal Communications Services 275 ("PCS 2751 
(with respect to PCS switch 310 -for example and for 
sake of illustration. 500 555-1 1 1 1). 

FIG. 2 shows a block diagram of a portion of an 
embodiment of the present invention which resides in 
mobile telephone handset 1 00 and FIG. 3 shows a bfock 
cfiagram of a portion of an embodiment of the present 
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invention which resides in a wireless PBX. In accordance 
with the present invention, mobile telephone handset 
100 comprises RF Signal Strength Indicator Module 
1010 (RSS1 1010) for recognizing the need to make a 
connection transfer of a telephone call from, for example, 
W-PBX 120, because of signal fade. In particular signal 
fade would occur when the caller-user has gone past 
boundary 240 of PWN 125. As is well known, existing 
mobile telephone handsets which are commercially 
avaflabte incorporate microprocessor functionality to fab- 
ricate RSS1 1010 tor measuring signal strength and for 
determining that it is weak, Le., the signal strength falls 
below a predetermined threshold. As shewn in FIG. 2, 
RSS1 1010 communicates with W-PBX Communications 
Module 1040 (WPCM 1040) whenever the signal 
strength fells below the predetermined threshold to 
cause WPCM 1040 to attempt to make a handover, Le., 
a connection to another antenna of PWN 125 having a 
suitably strong signal. If WPCM 1040 cannot make a 
handover, it sends a si&ia) to Connection Transfer Mod- 
ule 1030 (CTM 1030). In response. CTM 1030 sends a 
signal to PCS Communications Module 1060 (PCM 
1060) to attempt to find another system to which it can 
transfer the connection PCM 1060 includes apparatus 
for registering mobile telephone handset 100 as a valid 
user of PCS 275. Registration refers to a method of ver- 
ifying that the mobile telephone handset can communi- 
cate with a wireless network such as, for example, PCS 
275. This is accomplished with respect to PCS 275 by 
the mobile telephone handset exchanging radio signals 
with PCS 275 which are designed to estabfch the hand- 
set's status as a valid user of PCS 275. The exchange 
of such radio signals takes place in accordance with pro- 
tocols which are well known to those of ordinary skill in 
the art see, for example, EIA/TIA Interim Standard 1S- 
54-B, 'Cellular System Dual-Mode Mobile Station - Base 
Station Cornpatfbflrty Standard." If the registration is suc- 
cessful. PCM 1060 sends a signal indicating that condi- 
tion to CTM 1030 and CTTM 1030, in turn, sends a signal 
to Handset Display 1020, and perhaps to Lamp and/or 
Audfcle Indicator 1050 to provide an indication to the 
caller-user of the need for a network-to-network connec- 
tion transfer. 

In response to the indication, the caller-user win rec- 
ognize: (a) that the best signal that can be provided by 
the current network (including handovers) is so poor that 
it may threaten continuation of the call and (b) thatmobfle 
telephone handset 100 can cornmunicate with alternate 
network PCS 275. 

Then, the caller-user initiates a connection transfer 
procedure which is pre-programmed into mobile tele- 
phone handset 100 by, for example, pressing a function 
key, i.e. button 1070, on handset 100. Button 1070 
causes a signal to be transferred to CTM 1030. In 
response, CTM 1030 activates a preprogrammed proce- 
dure. As those of ordinary skill in the art will readily 
appreciate, the indications provided may be timed to pro- 
vide an interval within which the user may activate the 
transfer mechanism. In a preferred embodiment of the 



present invention, CTM 1030 is implemented in a micro- 
processor. The pre-programmed procedure initiates a 
Cad Transfer of the ongoing telephone caD from the cur- 
rent telephone number (408-555-3164) and network 

5 (PWN 125) to its other telephone number (500-555- 
1111) and network (PCS 275). Although this embodi- 
ment is described so that a user may initiate the transfer, 
the present invention is not limited to this method of ini- 
tiation. In fact, alternative embexfimerrts of the present 

w invention may be fabricated wherein the mobile tele- 
phone set automatically initiates the transfer. 

The following steps are carried out in performing the 
inventive connection transfer procedure CTM 1030 
turns off Lamp and/or Audfcle Indicator 1050. Then, CTM 

is 1030 sends a signal to WPCM 1040 which causes 
WPCM 1040 to send a Call Transfer message to W-PBX 
120 by radio signal. The Call Transfer message is 
received by RF Communications Modul e 1 080 of W-PBX 
120 (RCM 1080) shown in FIG. 3. RCM 1080 transfers 

20 the Ca9 Transfer message to Call Management Module 
1090 of W-PBX 120 (CMM 1090) shown in FIG, 3. In 
response, CMM 1090 places the current caD on hold and 
provides dial tone to mobile telephone handset 100. 
Mobile telephone handset 100 detects the dial tone and 

25 transfers that information to CTM 1030. In response, 
CTM 1030 transfers alternate telephone number (500- 
555-1111) to WPCM 1040 and WPCM 1040. in turn, 
transfers the alternate telephone number to RCM 1080. 
RCM 1080 transfers the alternate telephone number to 

30 CMM 1090. In response, CMM 1090 completes a normal 
call transfer function by initiating a call to the alternate 
telephone number over the normal landfine telephone 
network. Mobile telephone set 100 detects alerting, for 
example, ringing, and transfers that information to CTM 

35 1030. In response, CTM 1030: (a) transfers a signal to 
WPCM 1 040 which causes it to transmit a signal to RCM 
1080 which causes W-PBX 120 to hang-up on the orig- 
inal caD, and (b) transfers a signal to PCM 1060 to cause 
it to answer the call to the alternate telephone number. 

40 Thus, the new caD connection is made: (a) from 
mobile telephone handset 100 to antenna 320; (b) from 
antenna 320 to PCS switch 310; (c) from PCS switch 310 
to W-PBX 120; (d) from W-PBX 120 to telephone central 
office 130 ("C0 130"); and (e) from C0 130 to telephone 

45 300 over, for example, the public switched telephone net- 
work. As those of ordnary skfll in the art wiD readDy 
appreciate, the embodiment described above utilizes a 
capability of any modem switch which is referred to in 
the art as a "Hind" Call Transfer. All of the above- 

50 described steps take place in response to the press of a 
single button by the caller-user. Although this embocfi- 
merit was described so that CTM 1030 would initiate the 
hang-up, the present invention is not limited to this meth- 
odology. In fact alternative embocfiments of the present 

55 invention may be fabricated wherein W-PBX 120 would 
hangup. 

In an alternative embodiment of the present inven- 
tion, one can utflize a Conference CaD procedure in place 
of the Call Transfer procedure described above. How- 
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ever, this is not a preferred embodiment i n that it suffers 
from one disadvantage. The disadvantage is that the 
handset must be equipped to transceive on both wireless 
networks sirrurtaneously, i.e., rt must be able to send and 
receive racfio communication with two different entities 
at the same time, possibly at different frequencies and 
with cffferent modulation schemes. This embodiment 
may be fabricated, in one approach, using two transceiv- 
ers, one to communicate with one of the wireless net- 
works using a time division multiple access ("TDMA") 
technology and protocol, and the other using a code divi- 
sion multiple access (XDMA") technology and protocol. 
This embodiment may be fabricated, in another 
approach, using a single TDMA transceiver operating at 
two widely separated frequency bands, alternating 
between the two bands within a single TDMA frame 
Those of onfinary ski)) in the art should understand that 
these alternative embodiments are not limited to these 
two approaches. In any of these approaches, the proce- 
dure for setting up a call to the new network on one com- 
munications link must be able to operate while the other 
communications link is supporting normal conversation 
to the old network. 

The following steps are carried out in performing the 
alternative procedure. CTM 1030 turns off Lamp and/br 
Auctible Indicator 1050. Then, CTM 1030 sends a signal 
to WPCM 1040 which causes WPCM 1040 to send a 
Conference Call message to W-PBX 1 20 by racfio signal 
The Conference Call message is received by RCM 1080 
and RCM 1080 transfers the Conference CaD message 
to CMM 1090. In response, CMM 1090 places the cur- 
rent caD on hold and provides dial tone to mobile tele- 
phone handset 100. Mobile telephone handset 100 
detects the dial tone and transfers that information to 
CTM 1030. In response, CTM 1030 transfers alternate 
telephone number (500-555-1 1 1 1) to WPCM 1040 and 
WPCM 1040, in turn, transfers the alternate telephone 
number to RCM 1080. RCM 1080 transfers the alternate 
telephone number to CMM 1090. In response, CMM 
1fJ90 continues a normal conference call function by ini- 
tiating a call to the alternate telephone number over the 
normal landRne telephone network. Mobile telephone set 
100 detects alerting, for example, ringing, and transfers 
that information to CTM 1030. In response, CTM 1030: 
(a) transfers a signal to PCM 1060 to cause it to answer 
the call to the alternate telephone number; (b) transfers 
a signal to WPCM 1040 which causes it to transmit a 
signal to RCM 1080 which causes W-PBX 120 to bridge 
the calls (this requires simultaneity, i.a, to handle two 
telephone calls); and (c) transfers a signal to WPCM 
1040 which causes it to transmit a signal to RCM 1080 
which causes W-PBX 1 20 to hang-up on the original caD. 
As those of ordinary skill in the art wfl I readily appreciate; 
simultaneity can be provided by having the two sets of 
software controlling call set up and conversation, which 
sets of software run as •time-sharing'' applications on the 
microprocessor. An advantage of this alternative embod- 
iment is that two independent connections are set up 
simultaneously and, as a result, the telephone call wffl 



be more robust against spatial variations in relative sig- 
nal strength, which variations are characteristic of net- 
work boundaries. 

Although the present invention has been described 
5 as though there is only one alternative network, the 
present invention is not so limited. In fact the mobile tel- 
ephone handset could do a search for an available net- 
work from among a group of alternatives and the handset 
would then signal when one of the alternatives is availa- 
io ble. In fact, apparatus within the handset will search 
sequentially through a selection of frequencies, modula- 
tion schemes, and protocols until communication is 
established with one of the alternative networks. The 
microprocessor which performs the search does so in a 
is manner which should be dear to those of ordinary skill 
in the art so that it can be programmed to select from a 
predetermined list of networks. An extension of this 
capability would be to have the microprocessor, first, 
determine which of the listed networks is available for 
20 communication, and second, select one of them based 
on billing rate or other criteria of preference. 

In a further embodiment, one may have a connection 
transfer between competing cellular service providers. 
For example, this would take place in a portion of a serv- 
es ing area where one of the carrier's signal is very weak 
but the other is adequate. 

As those of orcfinary skill in the art can readily appre- 
ciate, the above describes how to give a mobile tele- 
phone handset a capability of handing a call from a 
30 private wireless network to a public wireless network 
without dropping the call. However, as described above, 
such a connection transfer necessarOy entails usage 
charges ("air-ti me" charges) from the public wireless car- 
rier. As has been descrbed above, after the caller-user's 
36 transition from the domain of W-PBX 120 to the domain 
of PCS switch 310, the telephone call is carried by W- 
PBX 120 and PCS switch 310. This is because, as is 
shown in FIG. 1 and as was described above, W-PBX 
120 receives the telephone call from the public landfine 
40 network and connects it to a call to PCS 275. ff, at this 
point mobile telephone handset 100 returns to the 
domain of private wireless network 125, an iteration of 
the same connection transfer feature will result in the tel- 
ephone call being connected to W-PBX 1 20 twice; once 
45 from the originating landline network and once from PCS 
switch 310. Aside from wasting a trunk to provide such 
a connection, the continued operation of PCS switch 310 
ensures that usage charges will still be incurred by the 
caller-user. 

so The following describes a preferred embodiment of 
the present invention which minimizes the incidence of 
pubfic usage time. In accordance with the present inven- 
tion, mobile telephone handset 100 comprises appara- 
tus for recognizing the need to perform a connection 

55 transfer of a telephone caD from, for example, W-PBX 
120, because of signal fade, see the description set forth 
above. In particular signal fade occurs whenever the 
caller-user goes past boundary 240 of PWN 125. Inadcfr- 
tion, the apparatus further comprises apparatus for ver- 
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ifying that it can communicate with PCS 275, see the 
description set forth above. The apparatus will send a 
signal to an indicator, for example, a light a tone gener- 
ator, or both, to provide an indication to the caller-user 
of the need for a network-to-network connection transfer, 5 
see the description set forth above. In response to the 
indication, the caller-user will recognize: (a) that the best 
signal that can be provided by the current network 
(including internal handovers) is so poor that it may 
threaten continuation of the call and (b) that mobile tel- 
ephone handset 100 can comrrwicate with alternate 
network PCS 275. 

Then, the caller-user initiates a connection transfer 
procedure which is pre-programmed into mobile tele- 
phone handset 100, see the description set forth above. 
This procedure includes the following steps. CTM 1030 
turns off Lamp and/or Audfcrfe Indicator 1050. Then, CTM 
1030 sends a signal to WPCM 1040 which causes 
WPCM 1040 to send a Conference Call message to W- 
PBX 120 by racfio signal. The Conference Call message 
is received by RCM 1080 and RCM 1080 transfers the 
Conference Cad message to CMM 1090. In response, 
CMM 1090 places the current call on hold and provides 
dial tone to mobile telephone handset 100. Mobile tele- 
phone handset 100 detects the dial tone and transfers 
that information to CTM 1030. In response. CTM 1030 
transfers alternate telephone number (500-555-1 1 1 1) to 
WPCM 1040 and WPCM 1040, in turn, transfers the 
alternate telephone number to RCM 1080. RCM 1080 
transfers the alternate telephone number to CMM 1090. 
In response, CMM 1090 continues a normal conference 
call function by initiating a cad to the alternate telephone 
number over the normal landline telephone network. 
Mobile telephone set 100 detects alerting, for example, 
ringing, and transfer s that information to CTM 1030. In 
response, CTM 1030: (a) transfers a signal to PCM 1060 
to cause it to answer the call to the alternate telephone 
number; and (b) transfers a signal to WPCM 1 040 which 
causes it to transmit a signal to RCM 1080 which causes 
W-PBX 1 20 to bridge the calls (this requires simultaneity. 
La, to handle two telephone calls). If the caller-user 
moves out of the range of PWN 1 25, for example, beyond 
boundary 250, mobile telephone handset 100 can no 
longer be reached by W-PBX 120. This is delected by 
RCM 1080 and a message is sent to CMM 1090. In 
response, CMM 1090 does not drop the call. Instead, the 
call is "suspended." This means that W-PBX 120 main- 
tains mobile telephone handset 120 with telephone 
number 408-555-3164 as a valid, but inactive, member 
of the conference, but W-PBX 120 uses no racfo 
resources to maintain the call. W-PBX 120 thus main- 
tains the status of telephone number 408-555-3164 of 
mobile telephone handset 100 with respect to W-PBX 
120 as a continuing member of the Conference Call. 
Those of ordinary skill in the art will readily appreciate 
that this "suspended" status is analogous to W-PBX 120 
putting mobile telephone handsel 100 on "Silent Hoki." 
Silent Hold refers to a condition where no audHe indi- 
cation is given to the other parties. As is well known to 



those of ordinary skill in the art this feature of providing 
Silent Hold is an existing feature of some commercially 
available PBXs. Then, in accordance with the present 
invention, W-PBX 120 maintains the Conference Call 
until either party hangs up. There are two cases to con- 
sider. In the first case, the call terminates before mobile 
telephone set 100 returns to the domain of PWN 125. 
For this case, CMM 1090 deletes the Conference Call 
and marks mobile telephone handset 1 00 as being avail- 
able for receiving incoming calls. In the second case, 
both parties have not hung ip when the caller-user 
returns to thedomain of PWN 125. For this case, WPCM 
1040 recognizes that mobile telephone handset 100 has 
entered the domain of PWN 125. WPCM 1040 sends a 
message to CTM 1030 informing it of this fact In 
response, CTM 1030 sends a signal to Handset Display 
1020, and perhaps to Lamp and/or Audfcie Inrfcator 
1 050 to provide an indication to the caller-user of the pos- 
sibility of reconnecting to W-PBX 120. The caller-user 
initiates connection transfer back to W-PBX 120 by 
pressing button 1070, on handset 100. Button 1070 
causes a signal to be transferred to CTM 1030. In 
response, CTM 1030 turns off Lamp and/or Aucfible Indi- 
cator 1050. Then, CTM 1030 sends a signal to WPCM 
1040 which causes WPCM 1040 to send a "Re-join Con- 
ference Can" message to W-PBX 120 by radio signal. 
The "Re-pin Conference Call" message is received by 
RCM 1 080. RCM 1 080 transfers the "Rejoin Conference 
Can" message to CMM 1090. In response, CMM 1090 
revives the original call as an active member of the con- 
ference call. Finally, CTM 1030 sends a hang-up mes- 
sage to PCM 1060 and PCM 1060, in turn, relays this 
message to PCS 275. Thus, W-PBX 120 has been re- 
connected with mobile telephone handset 100 and the 
call to PCS switch 310 has been dropped. As one can 
readily appreciate, after the above, only one telephone 
call is up, i.e,. the telephone call from W-PBX 120 to 
mobile telephone handset 100. 

In an alternative embodiment of the present inven- 
tion, the inventive method may be applied in situations 
where mobile telephone handset 100 has multple trans- 
ceivers. In such a case, mobile telephone 100 will 
attempt to register with various networks. However, one 
would use a different telephone number for each net- 
work. 

Those skilled in the art will recognize that the fore- 
going description has been presented for the sake of 
lustration and description only. As such, it is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed. For example, modifications and 
variations are possible in light of the above teaching 
which are considered to be within the spirit of the present 
invention, tn particular, although embocfiments of the 
present invention were described in light of a personal 
communications services network, it should be under- 
stood that the present invention is not restricted to this 
type of network and includes the use of other networks 
such as, for example, mobile ceJIidar networks. Further, 
although embedments of the present invention were 
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described in the context of a voice telephone call, rt 
should be understood that the present invention is not 
restricted to this type of a call and applies to data calls 
as well. 

5 

Claims 

1. Method for transferring an active connection 
between a mobile telephone handset and a first 
mobile telephone system to a second mobile tele- 10 
phone system, which method comprises the steps 

of: 

detecting that signal strength of the active 
connection has fallen below a predetermined 
threshold; is 

sending a request to the first mobfle tele- 
phone system to set up an alternative connection 
from the first mobile telephone system to the mobile 
telephone handset through the second mobile tele- 
phone system; and 20 

transferring the active connection to the alter- 
nate connection. 

2. The method of claim 1 wherein the step of detecting 
comprises the step of detecting at the mobfle tele- 2s 
phone handset 

3. The method of claim 2 wherein the step of sending 
a request comprises the step of receiving user input 

to initiate the sending. 30 

4. The method of claim 3 wherei n the step of transfer- 
ring comprises the step of requesting a call transfer 
to the mobile telephone handset using a telephone 
number which is provided by the mobile telephone 3s 
handset. 

& The method of claim 3 wherein the step of transfer- 
ring comprises the step of requesting a conference 
call involving the mobile telephone handset using a 40 
telephone number which is provided by the mobile 
telephone handset 

6. The method of claim 5 wherein the step of transfer- 
ring further comprises the step of detecting whether 45 
the signal strength falls below a further predeter- 
mined threshold and marking the active connection 
as being an inactive party to the conference cafl. 
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